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ABSTRACT 
Mitochondrial-DNA Sequence Yariation, and the Genetic 
Affinity of Peromyscus I'rom Triangle Island, 
British Columbia, Canada. (April 2001) 
Roozbeh Arianpour 
Department of Biochemistry and Genetics 
Texas A&M University 
Fellows Advisor: Dr. Ira F. Greenbaum 
Department of Biology 
To determine the genetic and specific affinity of deer mice (Peromyscus) 
inhabiting Triangle Island, British Colombia, Canada, a 1, 439 base-pair (bp) fragment of 
the mitochondrial genome (containing the ND3, ND4L, and a portion of the ND4 genes) 
was sequenced for twenty-seven individuals and compared to corresponding data from 
reference individuals of P. manicularus and P. keeni. Analysis of sequences for the deer 
mice I'rom Triangle Island revealed the existence of four sequences with a total percent 
sequence divergence of 0. 093%. Among the individuals, one sequence predominated 
and characterized 14 of the 27 (52%) individuals. Each of the other sequences occurred 
in smaller, but similar, proportions (6, 22%; 4, 15%; 3, 11%) of the population sample. 
Phylogenetic analyses grouped the four sequences from the Triangle Island population 
and placed them within a cluster otherwise comprised of the P. keeni reference samples. 
The reference samples of P. manicularus clustered outside and essentially equidistant 
from the P. keeni7Triangle Island deer mouse assemblage. These data clearly indicate 
that the deer mice I'rom Triangle Island are representative of P. keeni, and support the 
taxonomic relegation of these mice I'rom P. m. triangularis to P. k. rriangularis. 
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INTRODUCTION 
Mice of the genus Peromyscus are among the most successful small mammals 
native to North and Central America. The vast distribution and diversity of species and 
habitats in the genus have made it a favorite model organism in studies encompassing 
virtually all areas of organismal biology. In particular, mice of this genus have played a 
central role in the development of systematic mammalogy in North America with this 
impact being favorably compared to the importance of Drosophi la in the growth of 
systematic biology and evolutionary genetics as a whole (Carleton 1989). Of the species 
of Peromyscus, none has been more intensively studied than P. maniculatus. This 
species ranges from the Atlantic to Pacific seaboards and from southern Alaska to 
central Mexico, occupies nearly all habitats within this range and exhibits phenotypic 
variation exemplified in the recognition of approximately 70 subspecies. While 
considerable attention has been paid to the partitioning of genetic variation within P. 
mani cularus and its closely related allies in the P. manicularus species group, the 
complexity of P. manicularus is both the main obstacle and major source of information 
relative to understanding the diversity and evolution of this group of mice. 
A variety of recent studies of genetic and morphological characters have raised 
questions concerning the appropriate circumscription of P. mani culatus. In particular, 
the taxonomy of deer mice in the Pacific Northwest has been revised by the recognition 
of the existence of a sibling species, P. keeni. As currently recognized, P. keeni is 
distributed west of the Coastal Mountains and north of about 50' N latitude 
(Greeenbaum 1999) and includes the previously recognized form P. sitkensis (from 
several islands off the coast of southeastern Alaska, Hall 1981) and various northwestern 
subspecies which were previously assigned to P. manicularus (Hogan et aL 1993). The 
key to the recognition of P. keeni was the discovery of its chromosomal distinction from 
P. manicularus. Populations now recognized as P. keeni were found to have a 
fundamental number (FN, the number of arms in the autosomal karyotype) of 85-92; 
northwestern populations of P. mttnicularus have a FN of 74-78, (Gunn and Greenbaum 
1986; Gunn 1988). Although lacking in fixed allelic differences, allozymic analyses 
indicated a consistent dichotomy in allele trequencies between the two FN groups 
(Calhoun and Greenbaum 1991; Hogan et al 1993). Multivariate morphological 
analyses ultimately revealed a single character (length of tail & 98 mm indicating P. 
keeni) that accurately classified greater than 95% of genetically identified specimens 
from mainland and insular populations from the Pacific Northwest (Allard and 
Greenbaum 1988). Analyses of restriction fragment length polymorphisms of the entire 
mitochondrial DNA (mtDNA) also separated these mice into their respective 
chromosomal groups. Further analyses of the mtDNA revealed species-specific 
fragments and sequences within the 1, 439 bp region including the ND3, ND4L, and a 
portion of the ND4 genes (Hogan et al 1997). 
Despite the well-documented dichotomy of P. maniculatus and P. keeni, 
resolution of the taxonomy of the deer mice inhabiting the Pacific Northwest continues 
to be complicated by extensive insular endemism and the lack of critical data and 
difficulty of obtaining specimens fiom these remote locations. Based on morphological 
descriptions (Cowan and Guiguet 1965) and available karyotypic data (Thomas 1973), 
however, Hogan et al. (1993) hypothesized that the deer mice currently recognized as P. 
m. carli, P. m doylei, and P. m. rriangularis (Fig. 1) are actually representative of P. 
keeni. The recent acquisition of irozen specunens of P. m. triangularis provided the 
opportunity to determine their genetic and taxonotnic affinity. To this end the DNA 
sequence of the ND3/ND4L/ND4 region of the mtDNA was determined for the 
specimens of P. m. manguluris and compared to those of previously identified 
representatives of P. maniculatus and P. keeni. 
Fig, 1. Distribution of subspecies of P. manicularus on coastal islands of British 
Columbia, Canada (Irom Cowan and Guiguet, 1965). 
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MATERIALS AND METHODS 
Frozen specimens of Peromyscus (n=28) from Triangle Island, British Columbia 
(51' 52'N, 129' 05'W) were provided by Louise K. Blight, Deparnnent of Biological 
Sciences, Simon Fraser University, Burnaby BC, Canada VSA IS6 under permit No. 
85700-40/ST9910186, Ministry of Environment, Land and Parks, BC Parks, Strathcona 
District, Liver and spleen samples were removed I'rom partially thawed carcasses and 
frozen (-80') until use. The specimens were then prepared as vouchers (skin and skull or 
full skeleton) and deposited in the Texas Cooperative Wildlife Collection at Texas A&M 
University. 
The Qiagen purification kit and procedure was used to isolate mtDNA from liver 
or spleen samples. Amplification and sequencing of the 1, 439 bp region of mtDNA, 
from the 3' end of the glycine tRNA ( '"tRNA) through 672 bp of the 5' end of the ND4 
gene, generally followed the techniques of Arevalo et al (1994). The primers used in 
amplification of this region included: PI', Marg, MargRev, ND4L, Rataway, and Nap2 
(Arevalo et aL 1994). Amplification (Perkin Elmer/Cetus DNA Thermal Cycler) 
proceeded in three stages with the following components and concentrations: 1 uL DNA 
(approximately 100 ng), 15 uL HtO, 2. 5 uL of IOX PCR Buffer II (PE Applied 
Biosystems), 2 uL of 25 mM MgCIz, 0. 5 uL BSA, 4 uL of 8 mM dNTPs (Amersham 
Pharmacia Biotech), 0. 4 uL of forward and reverse primers, and 0. 2 uL Taq (TaKaRa, 
Japan). Reaction conditions included an initial denaturation cycle at 95'C for five min, 
followed by 35 cycles including 45 sec at 95'C, 30 sec at 50'C, and 90 sec at 72'C, and 
concluded with an extension time cycle spanning 10 min at 72'C. Amplified products 
were purified using the QIAquick PCR purification protocol (Qiagen). 
The sequencing reaction included I uL of amplified/purified DNA, 2 uL 
sequencing standard (DNA sequencing kit, PE Applied Biosystems), 6 uL Hz0, and I uL 
of desired primer with a concentration of 3 nm. The sequencing reaction began with one 
denaturation cycle of 3 min at 95'C, and continued with 30 cycles each including 25 sec 
at 95'C, 25 sec at 47'C, and 4 min at 60'C (Perkin Elmer/Cetus DNA Thermal Cycler). 
All sequences were determined by electrophoresis in an Applied Biosystems model 377 
automated DNA sequencer. All sequences were aligned for analysis using the 
Sequencher 3. 1. 1 computer program. 
As the ND3/ND4L/ND4 sequences previously reported for P. manicularus and P. 
keeni were generated and read using manual techniques, DNA from individuals reported 
(Hogan et al. 1997) as characterized by each of the relevant sequence variants was re- 
isolated and sequenced as described above. The specimens and localities included in 
this analysis were: P. k. inrerdicrus: Canada, British Columbia, Vancouver Island, Mt. 
Washington Ski Area (n=3); P. k. oreas: U. S. A. , Washington, Graysharbor Co. , 3 mi N, 
I mi E Grisdale, Satsop Workcamp (n=3); P. m. rrusrerus: Canada, British Columbia, 
Vancouver Is)and, 35. 7 km W Port Alberni (n=3); P. m. rufinus: U. S. A. , Colorado, La 
Plata Co. , Elk Park (n=1). 
RESULTS AND DISCUSSION 
Analysis of the ND3/ND4L/ND4 region for the twenty-seven deer mice from 
Triangle Island revealed the presence of four sequences with a total percent sequence 
divergence (Kimura 1980) of 0. 093%. The variation within the coding region among the 
four sequences comprised a total of ten transitions of which seven occurred at third and 
three occurred at first positions within codons. Ainong the individuals, one of the four 
sequences (sequence A) characterized 14 of the 27 individuals (52%). The other three 
sequences (sequences B, C, and D) occurred in smaller, but similar, proportions (6, 22%; 
4, 15%; 3, 11%, respectively) of the population sample. 
The automated sequencing of the previously described ND3/ND4L/ND4 
sequences for P. manicularus and P. keeni yielded four subspecies-specific sequences 
identical to those reported by Hogan et al. (1997). Base-pair differences and percent 
sequence divergences for the P. manicularus and P. keeni sequences (not reported by 
Hogan et al 1997) and compared to the predoininant sequence for the deer mice horn 
Triangle Island are presented in Table 1. Of the total substitutions among the sequences 
I'rom the reference specimens of P. maniculatus and P. keeni, 33% occurred at first, 8% 
at second, and 59% at third positions of codons and displayed a general 4:1 bias in favor 
of transitions over transversions. 
The relationship of the deer mice from Triangle Island to the reference samples 
of P. maniculatus and P. keeni was interpreted from sequence-distance data (Table 1) 
employing the two-parameter model of Kirnura 1980. The distance data were analyzed 
Table 1. Number of base-pair substitutions in the coding region and total percent 
sequence divergence (in parentheses) between the sequences for the ND3/ND4L/ND4 
region of the mtDNA for the deer mice from Triangle Island ("triangularis") and each 
of the reference subspecies examined. 
Subspecies 
1. P. m. austerus 
2. P. m. rufinus 
3. P. k. interdictus 
4. P. k. areas 
5. "triangularis" ' 
19 (1. 46) 55 (4. 25) 66 (4. 80) 63 (4. 73) 
57 (4. 18) 60(4. 53) 61 (4. 46) 
25 (1. 95) 24 (1. 88) 
7 (0. 49) 
'Computations based on the predominant (A) sequence for the deer mice from Triangle 
Island. 
using maximum parsimony (exhaustive search) and neighbor-joining (1000 bootstrap 
replications) methods of the Phylogenetic Analysis Using Parsimony (PAUP) computer 
program (Swofford 1993, version 4. 0b). Similar to the findings of Hogan et al. (1997) 
alternative weighting schemes did not alter the topology of the most parsimonious tree 
obtained &om equal weighting of characters (transitions versus transversions) for the 
ND3/ND4L/ND4 sequences. All analyses produced the single most parsimonious tree 
(branch length = 95) retained by the exhaustive search and presented in Figure 2. The 
phylogenetic analysis grouped the four sequences Irom the Triangle Island population 
and placed these within a cluster otherwise comprised of the P. keeni reference samples. 
The reference samples of P. mani cutatus clustered outside and essentially equidistant 
(rom the P. keen//Triangle Island deer mouse assemblage. These data clearly indicate 
that the deer mice Irom Triangle Island are representative of P. keeni and support the 
suggestion (Hogan et aL 1993) that the populations of Peromyscus inhabiting the islands 
north of Vancouver Island be referred to P. keenk 
Although Hogan et al. (1997) concluded that the ND3/ND4L/ND4 region of the 
mtDNA of deer mice is characterized by little or no intraspecific variation, this 
conclusion was based primarily on restriction-enzyme analyses of small samples (nc20) 
and sequences &om one or two individuals per species. Using an increased number of 
restriction enzymes and larger numbers of individuals, Walpole et aL (1997) reported 
more extensive variation in this region of the mtDNA both among and within 
populations of P. eremi cus. The existence of at least four sequences maintained in the 
ND3/ND4L/ND4 region of the deer mice from Triangle Island, supports the conclusion 
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Fig. 2. The single tree retained frotn the maximum parsimony (exhaustive search) 
analysis of the ND3/ND4L/ND4 sequence distances among the taxa included in this 
study. Bootstrap values are those obtained for the analysis with characters equally 
weighted. 
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that this region of the mtDNA is subject to relatively rapid evolution and high levels of 
sequence polymorphism. Indeed, considering the likelihood of genetic drift associated 
with the insularity of the Peromyscus from Triangle Island, considerably higher levels of 
ND3/ND4L/ND4 variation can be expected for mainland populations of P. keeni and P. 
maniculatus. 
Current geographic considerations would appear to favor the hypothesis that the 
Peromyscus of Triangle Island originated Irom source populations dispersed from 
Vancouver Island. In addition to Triangle Island being only 30 miles from northeastern- 
most Vancouver Island, the distance between Triangle and Vancouver Islands is 
interspersed with a series of islands (the Scott Islands) that are inhabited by Peromyscus. 
However, various studies have suggested that a pleistocene glacial refugium existed on 
the now submerged continental shelf beneath the waterways (Hecate Strait and Queen 
Charlotte Sound) connecting the Queen Charlotte Islands, Vancouver Island, and the 
coastal Binge of mainland British Columbia (Byun et aL 1997). If P. keeni was initially 
isolated from P. manicularus in such a Hecate refugium, a close phylogeographic 
association of modern populations on the islands in Queen Charlotte Sound and 
Vancouver Island might not be expected and a Vancouver Island origin for the deer mice 
of Triangle Island (and the other Scott Islands) would be highly unlikely. This study 
was not, however, designed to address the biogeographic history of the complex 
distribution of P. keeni. A critical evaluation of the alternative biogeographic 
hypotheses for P. keeni will require extensive sampling and analyses of genetic variation 
within and among populations from across the insular and mainland range of this 
species. 
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